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PROGRAMMABLE INTERMEDIATE
FREQUENCY RSSI SYSTEM INCLUDING AN
ADJUSTABLE RECTIFYING STAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to radio frequency commus-
nications systems, and more particularly to a novel system
and method for reducing non-linearities in a Receive Signal
Strength Indicator (RSSI) of a radio frequency system
reCce1ver.

2. Description of the Related Art

With the dramatic advances of deep submicron CMOS
technology, the ability to integrate more and more radio
functions 1to one piece of silicon 1s becoming possible.
Radio functions within integrated circuits are generally
partitioned into either an RF (radio frequency) chip and an
[F (intermediate frequency) chip, or are partitioned into
independent transmitter and receiver chips. Traditionally,
RF and IF chips have been implemented in a BiICMOS,
Bipolar, or Gallium Arsenide (GA) technology. However,

more recently, these functions are being implemented with
CMOS technology.

FIG. 1 schematically illustrates a typical prior art IF
receiver system. As shown, the typical prior art IF receiver
system comprises a mixer 10 and an oscillator 12 to down
convert the differential RF 1nput signal to an IF signal, a
bandpass filter 14, an IF amplifier section 16, a second
bandpass filter 18, a limiter 20, and an RSSI (Receive Signal
Strength Indicator) circuit 22 that ranges over the entire IF
input signal range.

The mixer 10 and oscillator circuit 12 in the IF system
operate to first down convert the RF signal to an IF signal.
The bandpass channel filter 14 then filters the IF signal to
remove any unwanted mixing products. This signal 1s typi-
cally extremely small and can range from —-100 dBm to 0
dBm, where dBm=10*log{P(mW)/1 mW }. The IF amplifier
16 amplifies the IF signal, and the amplified IF signal 1s then
filtered by the bandpass filter 18. The signal output from the
bandpass filter 18 1s then provided to a very high gain limiter
circuit 20. The gain limiter circuit outputs a voltage limited
signal similar to a square wave. The voltage limited square
wave signal is then sent to a baseband circuit (not shown)
that converts the data bits 1nto digital levels.

The IF system also implements a receive signal strength
indicator function that outputs a linear signal over the entire
receive 1nput power range. This functionality 1s imple-
mented by RSSI circuit 22. Since the input power range 1s
extremely wide and digital baseband chips have a limited
power supply range, the RSSI function is required to be
logarithmic.

FIG. 2 1s a more detailed block diagram schematically
illustrating the prior art architecture for the IF amplifier 16,
limiter 20, and RSSI circuit 22. FIG. 2 also 1llustrates the
manner 1n which the bandpass filter 18 1s interposed between
the amplifier and limiter stages. FIG. 2 finally depicts the
manner in which the RSSI circuitry 1s integrated over the
entire signal path, from the IF amplifier inputs to the limiter
outputs.

The IF amplifier section 1s represented with “Mm” gain
stages labeled IF1, IF2, . . . IFm. Likewise, the limiter
section 1s represented with “n” gain stages, labeled L1, L2,
[.3, L4, . .. Ln. The basic operation of the RSSI circuit 22
1s to perform a full wave rectification and current limit
function at each IF amplifier gain and limiter stage. The
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RSSI circuit 22 creates a piecewise linear logarithmic func-
tion with respect to changes 1n mput power, and the RSSI__
OUT node 1s typically terminated into a resistive load to
create a linear output voltage. The blocks labeled R1f, R2/,
through Rmyf each represent 1identically configured full wave
current rectification circuit for each of the IF amplifier
stages, and the blocks labeled R1, R2, R3, R4, through Rn
cach represent an 1dentically configured full wave rectifica-
tion circuit for each limiter gain stage.

The prior art circuit of FIG. 2 works quite well and 1s
extremely linear when the intermediate bandpass filter is
lossless. Many IF systems, however, require that the inter-
mediate filter have some attenuation in order to stabilize the
receiver. This attenuation can create many problems for the
RSSI function. For example, variances in the attenuation can
create changes 1n the relationship between mput power and
RSSI output and changes in the overall operating range,
thereby deleteriously affecting the RSSI consistency and
linearity.

SUMMARY OF THE INVENTION

The problems outlined above are 1n large part solved by
an 1improved mtermediate frequency RSSI system 1n accor-
dance with the present invention. In one embodiment, an IF
receiver system includes an IF signal path formed by an IF
amplifier section, a bandpass {ilter, and a limiter section. An
RSSI (Receive Signal Strength Indicator) circuit 1s coupled
to the IF amplifier section and the limiter section and
ogenerates an RSSI output signal which varies linearly with
logrithmic changes 1n input power. A storage unit 1s coupled
to the RSSI circuit and 1s configured to store a value which
controls current limiting associated with the RSSI circuit. In
one speciiic implementation, the limiter section includes a
plurality of serially coupled limiter stages. The RSSI circuit
includes a plurality of rectifying stages, wherein a separate
rectifying stage 1s coupled to an input of a corresponding
limiter stage. An additional rectifying stage 1s coupled to an
output of a last of the limiting stages. The value within the
storage unit controls the extent of current limiting associated
with the additional rectifying stage. Other rectifying stages
may also be controlled by the storage unit. An 1improved
intermediate frequency RSSI system 1n accordance with the
invention may advantageously attain consistent and linear
RSSI generation regardless of the attenuation value of the
bandpass filter.

Broadly speaking, the present invention contemplates an
intermediate frequency (IF) system comprising an IF signal
path including a plurality of series-coupled gain stages. A
bandpass filter 1s nterposed 1n series between a first subset
of the plurality of series-coupled gain stages and a second
subset of the plurality of series-coupled gain stages. A
receive signal strength indicator circuit 1s coupled to the
plurality of series-coupled gain stages and to a storage unit.
An output of the receive signal strength indicator signal 1s
dependent upon a control value programmed within the
storage unit and 1s indicative of an 1nput signal strength.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the accompanying draw-
ings 1in which:

FIG. 1 15 a block diagram of a typical prior art IF receiver
system.

FIG. 2 1s a more detailed block diagram of the IF receiver
system of FIG. 1.
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FIG. 3 1s a block diagram of an intermediate frequency
system 1n accordance with one embodiment of the present
invention.

FIG. 4 1s a block diagram illustrating details of one
implementation of an intermediate frequency system 1n
accordance with the present invention.

FIG. Sa 1s a graph illustrating RSSI 1nterstage limiting,
without and with filter attenuation for the IF receiver system
of FIG. 2.

FIG. 5b 1s a graph illustrating RSSI output verses input
power for the IF receiver system of FIG. 2.

FIG. 6a 1s a graph illustrating RSSI 1nterstage limiting
without and with {filter attenuation for the intermediate
frequency system of FIG. 4.

FIG. 6b 1s a graph 1illustrating RSSI output verses input
power for the intermediate frequency system of FIG. 4.

FIG. 7 1s a block diagram of an intermediate frequency
system 1n accordance with another embodiment of the
present invention.

While the mvention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments thereot
are shown by way of example m the drawings and will
herein be described 1n detail. It should be understood,
however, that the drawings and detailed description thereto
are not mtended to limit the invention to the particular form
disclosed, but on the contrary, the intention i1s to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the present invention as defined by the
appended claims.

DETAILED DESCRIPTION OF THE
INVENTION

Turning next to FIG. 3, a block diagram 1s shown of an
intermediate frequency system 1n accordance with one
embodiment of the present invention. The system of FIG. 3
includes an IF signal path formed by an IF amplifier section
102, a bandpass filter 104, and a Iimiter section 106. An
RSSI (Receive Signal Strength Indicator) circuit 110 1is
shown coupled to IF amplifier section 102 and to limiter
section 106. A storage unit 112 1s finally shown coupled
between RSSI circuit 110 and a communication interface

114.

During operation, IF amplifier section 102 receives and
amplifies a differential IF input signal at lines 120. The
resulting IF amplifier output signal 1s then passed through
bandpass filter 104 which filters extrancous content of the IF
amplifier output signal. Bandpass filter 104 may further be
configured to attenuate the signal, as described further
below. The attenuation of bandpass filter 104 may be con-
trolled by, for example, an L-C circuit coupled external to an
integrated circuit upon which the IF amplifier section 102,
limiter section 106, RSSI circuit 110, and storage unit 112
are fabricated. The output signal of bandpass filter 104 1s
provided to limiter section 106 which operates to output a
voltage limited square wave-like signal that may be sent to,
for example, a baseband circuit that converts the data bits
into digital levels.

RSSI circuit 110 receives inputs from IF amplifier section
102 and limiter section 106. RSSI circuit 110 generates an
RSSI output signal that varies linearly with logrithmic
variations 1n the power of the differential IF mput signal.
Generally speaking, storage unit 112 1s configured to store a
value that controls the generation of the RSSI output signal
by RSSI circuit 110 depending upon an attenuation value of
bandpass filter 104. Communication interface 114, which
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may be, for example, a serial or parallel port, allows a user
to program the value stored within storage unit 112 depend-
ing upon the attenuation value of bandpass filter 104.
Storage unit 112 may be implemented, for example, using
one or more registers or using any other storage mecha-
nisms. Further details regarding one embodiment of RSSI
circuit 110 and limiter section 106 are provided further
below.

FIG. 4 1llustrates details of one implementation of the
intermediate frequency system of FIG. 3. Circuit portions
that correspond to those of FIG. 3 are numbered 1dentically
for ssmplicity and clarity. In the embodiment of FIG. 4, IF
amplifier stage 102 1s 1llustratively formed by a plurality of
amplifier stages 102-1 through 102-m. Limiter section 106
1s formed by a plurality of limiter stages 106-1 through
106-n. The RSSI circuit 110 1s formed by rectifying stages
R1f through Rmf, rectifying stages R1 through Rn, and a
final rectitying stage Rx. It 1s noted that each of the stages
of IF amplifier stage 102 and limiter section 106 may be
implemented using identical amplifier circuitry. For normal
input levels, the amplifier forming each of the limiter stages
of limiter section 106 reaches current limiting.

In the embodiment of FIG. 4, a control line (or lines) is
coupled between storage unit 112 and the final rectifying
stage Rx to allow a user to program the current limiting
value associated with the rectifying stage Rx, and to control
whether the stage is on or off. An additional control line (or
lines) may further be coupled between storage unit 112 and
rectifying stage R1 to control the current limiting value
assoclated with that stage.

FIGS. 5a, 5b, 6a, and 6b graphically 1llustrate functional
differences between the prior art system of FIG. 1 and the
system of FIG. 4. The top graph of 5a illustrates each
corresponding RSSI 1nterstage output as a function of the
input power for the prior art system of FIG. 2 where the
bandpass filter 18 is lossless (i.e., has an attenuation of O
dB). Input power increases from left to right for FIGS. 5a,
5b, 6a, and 6b. As 1llustrated by the top graph of FIG. 54, the
first RSSI rectifying stage to reach current limiting 1s Rn,
followed by R4, R3, R2, R1, Rnf, R2/, and lastly R1/. It 1s
noted that current limiting occurs at even intervals of the
signal path gain.

The bottom graph of FIG. Sa illustrates the manner 1n
which filter attenuation shifts the current limiting character-
istics of the system of FIG. 2, with respect to input power.
Each limiting stage R1f through Rm/ reaches limiting at an
input power level increased by the filter attenuation amount.
The first RSSI rectitying stage R1 following bandpass filter
18 will never reach limiting because it’s mput will never
reach a large enough value due to the bandpass filter 18
attenuation. This effect 1s 1llustrated with the dotted line on
the bottom graph of FIG. 5a. FIG. 5b graphically illustrates
the overall RSSI output as a function of input power for the
prior art system of FIG. 2 with and without filter attenuation.
The dotted line of FIG. 5b 1llustrates the system with filter

attenuation and the solid line represents the system without
filter loss.

FIGS. 6a and 6b graphically illustrate the performance of
the IF system of FIG. 4. The top graph of FIG. 64 illustrates
the case where the filter attenuation of bandpass filter 104 1s
lossless. For this situation, the storage unit 112 1s pro-
crammed with a value such that the RSSI rectifier R1 1s
turned on and the final RSSI rectifier stage Rx 1s turned off.
As 1llustrated by the top graph of FIG. 64, the performance
of the system of FIG. 4 during this situation 1s similar to that
of the circuit of FIG. 2 when no attenuation 1s introduced by
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the corresponding bandpass filter. It 1s noted that since the
final RSSI rectifying stage Rx 1s turned off, this stage does
not contribute to the overall RSSI output signal.

The bottom graph of FIG. 6a 1illustrates the manner in
which the system of FIG. 4 operates when a positive
attenuation 1s associated with bandpass filter 104 and the
system 1s programmed to remove the filter attenuation
ciiects. Here the final RSSI rectifying stage Rx 1s turned on
and programmed to limit 1ts rectifying current such that its
current limited value plus the current limited value of the
rectifying stage R1 sum together as to not change the overall
RSSI full scale output. That 1s, the current limited value of
the final RSSI rectifying stage Rx 1s set (by the value within
storage unit 112) such that the sum of the maximum current
value contributed by the rectifying stage R1 plus the current
limited value of the final RSSI rectifying stage Rx equals the

interstage current limited value of each of the other recti-
fying stages R1f through Rmf and R2 through Rn. This is

observed 1n FIG. 6b where the dotted line of the attenuated
system overlays with the solid line of the lossless system.
The effect of adding the Rx rectifying stage creates a
non-linearity at very low input levels, as can be seen with the
dotted line of FIG. 6b. This however can be defined to occur
below the noise floor of the system such that 1t will not effect
the linearity within the specified operating range. It 1s
contemplated that the value within storage unit 112 may
further control the current limiting associated with other
rectifying stages, such as stage R1.

The system schematically illustrated by FIG. 4 1s
designed for situations wherein the filter attenuation 1s less
than one intermediate gain stage value. The programmable
concept may be adapted for systems that have filter attenu-
ations of greater than the gain of one gain stage. FIG. 7
illustrates such an embodiment. Circuit portions that corre-
spond to those of FIG. 4 arec numbered identically for
simplicity and clarity.

In the system of FIG. 7, an additional rectifying stage Ly
1s coupled to the limiter stage Ln output, and an additional
RSSI rectitying stage Ry 1s coupled to an output of the
additional rectifying stage Ly. If the bandpass {filter attenu-
ation 1s set at greater than one intermediate gain stage value
and at less than the total gain of two intermediate gain
stages, the value within storage unit 112 1s set to turn the
rectifying stage Rx full-on (i.e., current limit to the same
extent as each of the rectifying stages R1f through Rmf, R3,
R4). The current limiting of additional limiter stage Ry 1s set
(by the value within storage unit 112) such that its current
limited value plus the contribution by rectifying stage R2
cequals the current limited value of each of the rectifying
stages R1f through Rm/f, R3 and R4. Additional limiting and
rectifying stages may similarly be coupled for systems with
larger bandpass {filter attenuation values.

The programmable nature for correcting non-linear
cifects within the IF system 1s also not limited to a signal
path that 1s defined with one IF amplifier section, one filter,
and one limiter section. It can be modified to accommodate
multiple breaks within the signal path by simply adjusting
where to add more rectitying stages and by programming,
cach stage of remove the non-linear characteristics caused
by the system partitioning.

Numerous variations and modifications will become
apparent to those skilled 1n the art once the above disclosure
1s filly appreciated. It 1s intended that the following claims
be interpreted to embrace all such variations and modifica-
tions.
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What 1s claimed 1s:
1. An intermediate frequency (IF) system comprising:

an IF signal path including a plurality of series-coupled
gain stages;

a bandpass filter interposed 1n series between a first subset
of said plurality of series-coupled gain stages and a
second subset of said plurality of series-coupled gain

stages;
a plurality of rectifying stages, wherein each rectifying
stage 1s coupled at a predetermined node of said IF
signal path, and wherein at least one of said plurality of
rectifying stages 1s an adjustable rectifying stage
whereby a current limited value associated with said
adjustable rectilying stage 1s adjustable; and

a storage unit coupled to said adjustable rectifying stage
and configured to store a control value which controls
said current limited value of said adjustable rectifying
stage;

wherein said adjustable rectifying stage 1s coupled at an
output of said IF signal path, and wherein said current
limited value 1s set by said control value of said storage
unit to substantially equal a difference between a cur-
rent limited value associated with a first of said plu-
rality of rectifying stages and a current contribution
assoclated with a second of said plurality of rectifying,
stages, wherein said second of said plurality of recti-
fying stages 1s coupled to a second node of said IF
signal path that 1s subsequent to said bandpass filter.

2. The intermediate frequency system as recited 1 claim
1, wherein each of said plurality of series-coupled gain
stages 1s configured with an equal gain.

3. The intermediate frequency system as recited 1 claim
1, further comprising a communication interface coupled to
said storage unit and configured to accommodate a storage
of a new control value within said storage unait.

4. The intermediate frequency system as recited 1n claim
3, wherein said communication interface i1s a serial port.

5. The intermediate frequency system as recited in claim
3, wherein said communication interface i1s a parallel port.

6. The intermediate frequency system as recited 1n claim
1, wherein a separate rectifying stage 1s provided for each of
said plurality of series-coupled gain stages.

7. The intermediate frequency system as recited 1n claim
1, wherein said adjustable rectifying stage 1s coupled to an
output node of a final gain stage of said plurality of series-
coupled gain stages.

8. The intermediate frequency system as recited in claim
1, wherein each of said plurality of rectifying stages 1s
conilgured to generate an output signal having a current that
1s substantially linearly dependent upon a logarithmic func-
fion of an mput power to said each of said plurality of
rectifying stages.

9. The intermediate frequency system as recited 1n claim
1, wherein said current limited value 1s associated with each
of said plurality of series-coupled gain stages forming said
first subset of said plurality of series-coupled gain stages.

10. An mtermediate frequency (IF) system comprising:

an IF signal path including a plurality of series-coupled
galn stages;

a bandpass filter interposed 1n series between a first subset
of said plurality of series-coupled gain stages and a
second subset of said plurality of series-coupled gain
stages;

a storage unit configured to store a control value; and

a receive signal strength mdicator circuit coupled to said
plurality of series-coupled gain stages and to said
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storage unit, wherein a current limited value associated
with at least one of said plurality of series-coupled gain
stages 15 set by said control value to substantially equal
a difference between a current limited value associated
with a first of said plurality of series-coupled gain
stages and a current contribution associated with a
second of said plurality of series-coupled gain stages,
wherein said second of said plurality of series-coupled
gain stages 1s coupled to a second node of said IF signal
path that 1s subsequent to said bandpass filter, and
wherein an output of said receive signal strength 1ndi-
cator signal 1s dependent upon said control value and 1s
indicative of an input signal strength.

11. The intermediate frequency system as recited 1n claim
10, further comprising a communication interface coupled to
said storage unit and configured to accommodate a storage
of a new control value within said storage unit.

12. The intermediate frequency system as recited in claim
11, wherein said communication interface i1s a serial port.

10
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13. The intermediate frequency system as recited in claim 20

11, wherein said communication interface is a parallel port.

3

14. The intermediate frequency system as recited in claim
10, wherein said receive signal strength indicator circuit 1s
configured such that said control value controls current
limiting associated with said receive signal strength 1ndica-
tor circuit.

15. The intermediate frequency system as recited 1n claim
10, wherein said receive signal strength indicator circuit
includes a plurality of rectifying stages, wherein each of said
rectifying stages 1s coupled at a predetermined node of said
IF signal path.

16. The intermediate frequency system as recited 1n claim
15, wherein said receive signal strength indicator circuit
further 1includes a final rectitying stage coupled to an output
node of said IF signal path, wherein a current limited value
associated with said final rectifymng stage 1s adjustable
depending upon said control value.

17. The intermediate frequency system as recited 1n claim
16, wherein a separate rectifying stage 1s provided for each
of said plurality of series-coupled gain stages.
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